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Embryological studies in Tagetes (Heiiantheae, Asteraceae) have been carried 
out in T. sigmatus (Dahlgren 1920) and T. patula (Venkateswarlu & Maheswari 
Devi 1955). Developmental anatomy of seeds and fruits in Tagetes have been 
studied in T. erecta and T. patula (Pandey et al. 1986). A perusal of literature 
reveals that embryological studies in T. minuta have not been done. The present 
paper, therefore, deals with development of female gametophyte, endosperm and 
embryo in this taxon, a wild annual in hilly regions of India. 

Materials and methods The materials for the present study were collected 
from Shillong (Pandey 5433). Capitula were fixed in formalin-acetic-alcohol and 
stored in 70% ethanol. Customary methods of dehydration in tertiary butyl 
alcohol series and embedding in paraffin wax were followed. Serial microtome 
sections cut between 7-12 /xm thickness were stained in Haidenhain’s Iron-alum, 
haematoxyline. 

Observations Ovary and ovule. The syncarpous and unilocular ovary 
contains a single anatropous, unitegmic and tenuinucellate ovule (Fig. 1). The 
vascular supply of the ovule enters through funicle, overarches the chalaza and 
ends on the antiraphe side of the integument. The cells of the innermost layer 
of the integument elongate radially and differentiate into endothelium (Fig. 1, 7). 

Megasporogenesis and female gametophyte. The female archesporium is 
hypodermal and single celled. It directly functions as megaspore mother cell 
(Fig. 2) and undergoes meiotic division resulting in the formation of a linear 
tetrad of megaspores. Usually three micropylar megaspores degenerate and 
the chalazal megaspore becomes functional (Fig. 3). In some cases both micro¬ 
pylar and chalazal megaspores show enlargement (Fig. 4). The chalazal me- 
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gaspore undergoes three mitotic divisions and produce an 8-nucleate embryosac 
of the Polygonum type (Figs. 5, 6, 7). The two polar nuclei fuse near the egg 
apparatus to from the secondary nucleus. The antipodal cells are three in 
number (Fig. 7) and persist till globular embryo stage. 

Fertilization, endosperm and embryo. The fertilization is porogamous (Fig. 
8). The pollen tube after its entry in the embryosac discharges its contents in 
the vicinity of the secondary nucleus. Syngamy and triple fusion occur simul¬ 
taneously. 
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Fig. 1-7. Tagetes minuta. 1. Longitudinal section of ovary and ovule at organised female gameto- 
phyte stage. 2. Megaspore mother cell. 3. Megaspore tetrad. Note degenerating micropylar 
megaspores. 4. Megaspore tetrad. Note enlargement of micropylar and chalazal megaspores. 
5,6. 2-nucleate and 4-nucleate embryosacs respectively. 7. Organised female gametophyte. 
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Figs. 8-16. Tagetes minuta 8. Embryosac showing zygote and primary endosperm nucleus. 9,10. 
Embryosac showing early stage of embryogeny and endosperm development. 11-16. Successive 
stages in the development of embryo. 
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The primary endosperm nucleus undergoes division not followed by wall 
formation (Fig. 9). Thus the development of the endosperm is Nuclear type. 
Free nuclear division results in the formation a number of nuclei. Wall forma¬ 
tion begins from the micropylar side and proceeds towards the chalazal end 
(Fig. 10). By the time embryo reaches globular stage, the embryosac is filled 
with cellular endosperm. Digestion of the endosperm begins after this stage 
and in mature seed only a single layer of endosperm persists. 

The first division of the zygote is transverse resulting in two celled proem¬ 
bryo, the terminal cell being ca and the basal cb (Figs. 11, 12). The cell ca 
divides vertically and the basal cell cb divides transversely to form a 4-celled 
proembryo (Fig. 13). The embryonal tetrad consists of juxtaposed cells derived 
from terminal cell and m and ci from the basal cell. The derivatives of the 
tier ca undergo one more vertical division and later oblique division resulting 
in octant. The cell m also undergoes two more vertical divisions at right angle 
to one another. The cell ci divides transversely resulting in the formation of 
n and n', which later gives rise to cells o and p by transverse division. The 
derivatives of the tier q gives rise to the cotyledons and stem tip, m to the 
remaining part of the root tip and p to the suspensor of 2 to 6 cells (Figs. 14, 
15, 16). Thus embryogeny conforms to the Senecio variation of Asterad type. 

Discussion The development of female gametophyte in Tagetes minuta is 
Polygonum type, a feature also reported in majority of Asteraceae (Pullaiah 
1984). The development of the endosperm is Nuclear type in T. minuta. Similar 
pattern of endosperm development has also been observed in T. patula (Ven- 
kateswarlu & Maheswari Devi 1955). On the other hand, in T. signatus 
(Dahlgren 1920), Cellular type of endosperm development has been reported. 
Both Cellular and Nuclear types of endosperm development have been reported 
in Asteraceae (Pullaiah 1984). The embryogeny follows Senecio variation of 
Asterad type, a characteristic pattern of embryogeny common to all Asteraceae. 

Authors are grateful to Prof. K. S. Bilgrami, Head, Department of Botany, 
Bhagalpur University for encouragement and facilities. Thanks are due to 
CSIR, New Delhi for grant support (#384 (756)/89 EMR to AKP). 
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